Purpose: To report a case of corneal infiltration and xanthoma formation in mycosis fungoides (cutaneous T-cell lymphoma). Observations: A middle aged Japanese man with mycosis fungoides (MF) involving the face was referred to Ophthalmology for evaluation of unilateral, painless conjunctival injection. Biopsy of the conjunctiva revealed a malignant T cell population consistent with MF tumor invasion. Years later, he returned following several episodes of infectious keratitis with a painless, yellow, rapidly forming mass in the left eye over two weeks. Corneal biopsy showed foamy histiocytes and positive staining for CD68, and a diagnosis of corneal xanthoma was made. Conclusions and importance: Severe ocular surface disease can rarely occur in MF by direct invasion of tumor cells. Corneal infiltration and xanthoma development may be avoidable by careful monitoring for infectious keratitis in patients with conjunctival involvement, as in our case.
Introduction
Mycosis fungoides (MF) is a neoplastic proliferation of helper T lymphocytes that initially presents as itchy patches on the skin that may progress internally. 1 Ocular abnormalities are infrequent and occur in 2% of patients. 2 Eyelid tumors are the most common finding and typically manifest as ectropion. 3 While most ophthalmic findings are related to the eyelid, direct infiltration of the ocular surfaces by tumor cells may be seen in severe cases. Herein, we describe a rare case of corneal infiltration and xanthoma formation in MF. To our knowledge, this is the first report of corneal xanthoma formation associated with MF.
Case report

Findings
A 42-year-old Japanese male with a one-year diagnosis of MF affecting the face was referred to the Ophthalmology Department for evaluation of persistent, painless conjunctival injection of the left eye. Conjunctival biopsy was taken to investigate ocular involvement of MF due to lack of improvement with topical treatment and, with immunohistochemistry, was suggestive of the malignant T-cell population seen in MF ( Fig. 1A-D ). His ocular disease was observed until years later when he developed recurrent Staphylococcus aureus keratitis of the left eye, which was treated topically. The next year he presented to our clinic with a two-week history of a painless, rapidly forming, yellow, ring-shaped abnormality in the left eye after a previously inconspicuous slit lamp examination ( Fig. 2A-C) .
On examination visual acuity was 20/22 in the right eye and 20/ 225 and aphakia in the left eye with normal intraocular pressures in both eyes. Slit lamp biomicroscopy of the left eye revealed an area of corneal vascularization surrounded by a ring-shaped yellow band in the inferior nasal quadrant of the cornea. The adjacent conjunctiva was hyperemic with evidence of corneal infiltration by conjunctival vessels. There was no apparent eyelid abnormality. Fundus examination was normal in both eyes. Anterior Segment Optical Coherence Tomography (ASOCT) revealed a hyper reflective area in the left corneal stroma ( Fig. 2G ). Over the next several months the ring-shaped lesion transformed into a solid yellow mass (Fig. 2D ), and one year after presentation a second mass appeared in the left, temporal cornea ( Fig. 2E-F ). At this time corneal biopsy of the initial lesion was obtained, which revealed numerous foamy histiocytes that stained positively for CD68 on immunohistochemistry ( Fig. 1E-F) . A diagnosis of corneal xanthoma was made. Currently, he is receiving chemotherapy for his systemic disease and conservative management of his ocular disease due to patient wishes. Immunohistochemical markers for conjunctiva were CD3, CD4, and CD8 for the diagnosis of MF ( Fig. 1B-D) . The immunohistochemical marker for cornea was CD68 for the diagnosis of xanthoma ( Fig. 1F ).
Materials and methods
ASOCT (CASIA2, TOMEY Co. Ltd., Tokyo, Japan) was performed to evaluate extent of involvement and progression of the corneal abnormality.
Discussion
MF is the most common type of cutaneous T-cell lymphoma with an annual incidence of 6.4 cases per million. 4 Ocular involvement is uncommon and is typically related to the eyelid and ocular surface disease. 5 Ectropion is the most common finding and is indirectly caused by tumor cell infiltration of the overlying facial or eyelid skin. Moreover, the ocular surface may be directly infiltrated by tumor cells resulting in lesions of the conjunctiva and caruncle. 6, 7 These abnormalities usually appear late in the disease course and are secondary lesions. 8 Historically corneal involvement has been reported as keratitis and corneal scarring, a sequelae to eyelid disease and lagophthalmos. To our knowledge, this is the first report of corneal infiltration and xanthoma formation in MF.
Evidence of corneal infiltration was observed on slit lamp and ASOCT findings. The mechanism of infiltration seen in this case could be explained by direct spread of malignant cells from the conjunctiva to the cornea. Although not nodular in form, our patient had tumor cell infiltration of the conjunctiva confirmed on biopsy. It was speculated that keratitis-associated epithelial damage allowed conjunctival vessels carrying malignant T cells to cross the limbus to seed the exposed corneal stroma. Accordingly, lesions developed in peripheral areas of the cornea affected by keratitis. The appearance of two separate corneal lesions, divided spatially and temporally may be explained by the sporadic nature of the patient's infective keratitis.
Rarely, xanthomatosis has been reported in association with MF. 9 It is thought that malignant T-cell infiltration causes lipoprotein leakage which, after tumor regression, is phagocytosed by macrophages causing xanthoma development around the tumor plaque. 9 The characteristic ring-like growth pattern around corneal vascular lesions in our patient could be explained by this phenomenon, wherein the xanthomatous ring slowly advanced inward as centralized malignant cells regressed. As such, corneal biopsy in our patient did not reveal malignant cells but rather foamy histiocytes and positive staining for CD68. These findings in combination with yellow, annular lesion growth was highly suggestive for the diagnosis of corneal xanthoma. Thus, hyper reflective areas in the corneal stroma observed on ASOCT were thought to be due to the accumulation of lipids. Lipid Keratopathy (LK) refers to corneal lipid deposition, occurring most commonly secondary to prolonged keratitis, and manifests as a yellow-white corneal abnormality. 10 Chronic inflammation, classically by herpes keratitis or trachoma infection, causes blood vessel extension into damaged corneal tissue and results in lipid exudation, called lipoidal degeneration. 11 Cogan et al. in their description of LK and review of the literature included reports using the term corneal xanthomatosis, among others, which is consistent with our patient's diagnosis. 10 Thus, corneal lipid deposition in our patient could also be explained by lipoidal degeneration owing to prolonged inflammatory insult by resident malignant T cells in the anterior chamber. Our patient's recurrent staphylococcus aureus keratitis may have also contributed to a predisposing inflammatory state. Therefore, much the same as neovascularization in LK provides an easy route for lipid access into the cornea, 12 it was thought that in our case it also provided an easy route for malignant cells into the cornea, thereby promoting corneal xanthoma formation by two synergistic phenomena: chronic inflammation with lipoidal degeneration and augmentation of lipoprotein leakage into the cornea by tumor cell invasion. In summary, this case highlights the possible corneal infiltration and xanthoma formation that can occur in MF due to direct invasion of tumor cells. Although rare, careful monitoring for infective keratitis in MF patients with conjunctival involvement may prevent ocular disease progression. One-year slit lamp and anterior segment optical coherence tomography (ASOCT) findings Slit lamp images (2 month interval) at presentation reveals a yellow, rapidly forming, ring-like mass in the inferior nasal left cornea in the presence of a corneal epithelial defect (A-C). Conjunctival vessels are seen crossing the limbus and forming a central vascular lesion, which is gradually surrounded by yellow, xanthomatous material. Appearance of a second lesion in the temporal left cornea one year after presentation of the initial lesion (3 month interval) (D-F). A common characteristic growth pattern between lesions was noted: conjunctival vessel infiltration of the cornea, followed by vascular lesion formation and accumulation of yellow material around the lesion. ASOCT at initial presentation reveals a thin line of hyper reflective material in the corneal stroma (G). ASOCT at the appearance of a second lesion one year later reveals a considerably expanded hyper reflective area associated with the initial lesion and a new hyper reflective stromal area corresponding to the new lesion (H). (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)
